Different types of basal-granulated or endocrine cells have been described in the gastro-enteric mucosa of man and animals and considered to represent the source cells of different gut hormones (reviews: SOLCIA, VASSALLO and CAPELLA, 1970; FORSSMANN, 1970; SASAGAWA, KOBAYASHI and FUJITA, 1973) . In a series of papers we reported the occurrence and fine structure of different types of human endocrine cells in the tissues taken mainly by fiberscope biopsy from the stomach (SASAGAWA, KOBA-YASHI and FUJITA, 1970; KOBAYASHI, FUJITA and SASAGAWA, 1971) , duodenum (KOBA-YASHI, FUJITA and SASAGAWA, 1970) , colon and rectum (OSAKA et al., 1971) .
In the present study the endocrine cells of the jejunum and ileum obtained by fiberscope biopsy will be demonstrated.
The technique of biopsy under fiberscope observation has only recently become applicable to these portions of the small intestine far from the mouth and from the anus. Our knowledge on the endocrine cells of the jejunum and ileum has been meager.
Especially as far as the human is concerned, only the paper by the group of PEARSE includes the findings in the jejunum and ileum (PEARSE et al., 1970; POLAK et al., 1971) .
In our previous papers we tentatively designated the unknown cell types by numbers, as Type 2 and 3. As the Italian, British and Swiss research groups meanwhile proposed a series of designations using alphabetical letters in a symposium in Wiesbaden (CREUTZFELDT, 1970; SOLCIA, VASSALLO and CAPELLA, 1970; PEARSE et al., 1970) , we also will use this terminology with some revisions and additions of our own (for details see: SASAGAWA, KOBAYASHI and FUJITA, 1973) . 235 
Material and Method
The data of the material examined in this study are shown in Table 1 . Mucosal tissues of the jejunum were taken by per oral biopsy using an intestinal biopsy tube from five patients with disturbances after gastrectomy. Tissue pieces of the terminal ileum were taken by per anal biopsy using a colonofiberscope from a patient with malabsorption syndrome.
The tissues were fixed for 4hrs in 2.5% glutaraldehyde buffered at pH 7.4 with 0.1M phosphate, rinsed in the same buffer mixed with sucrose (4%) and postfixed for 1hr in 1.3% OsO4 in the phosphate buffer. After dehydration through a graded series of alcohol and propylene oxide, the specimens were embedded in Epon 812. Sections were made by glass knives in a Porter-Blum MT 1 microtome. After light were doubly stained with uranyl acetate and lead acetate (Millonig) to be observed in a Hitachi HU 125ds electron microscope.
Results
The basal-granulated cells in the human jejunum were much less frequently seen than in the duodenum. The terminal ileum contained still fewer. In both portions of the gut the cells were dispersed mainly in the epithelium of crypts but occasionally also in that of villi.
Through observation of numerous cells, it is most probable that every basalgranulated cell in the human jejunum and ileum is open in type, i.e., it reaches the lumen with a slender cytoplasmic process (Fig. 1, 2) . The apex of the cell process is covered by a tuft of microvilli which usually can be distinguished from the ordinary microvilli covering the mucosal epithelium.
Mainly by the size, shape and density of the basal granules, the cells observed in the present study are divided at least into four types, i.e., EC, L, S and A-like cells, whose fine structures will now be described. This cell, so called because of the large size of the basal granules, has been found in our previous studies in human duodenum (KOBAYASHI, FUJITA and SASAGAWA, 1970) and colon and rectum (OSAKA et al., 1971) under the name of Type 2 cell.
The granules, measuring stance is considerably homogeneous in structure and closely attached to a membrane sac.
In the jejunum there were found, besides the above described typical forms,
The S, or small-granule, cell occurred only occasionally in the crypts of the jejunum and ileum. This cell has been included in the group of "Type 3" in our previous papers (vide infra). This cell is generally a slender cell whose apical process has a moderate number of rather irregular microvilli.
The criteria of this cell are cytoplasmic filaments in the cytoplasm, especially near the nucleus.
In the electron microscope we also occasionally encountered cytoplasm containing features seemed to correspond to the structure of the M cell (vide infra), we unfortunately could not examine the whole cell body and the microvilli which would be characteristically found in the M cell.
A-like cell
This cell is characterized by the double structure of its basal granules and resembles the A cell of the pancreatic islet. The granules, namely, consist of a round, dense core which is surrounded, often eccentrically, by a cortex of less dense and coarser substance. The whole granule is enveloped in a round membrane sac. The differ from the A cell granules of the pancreas which are fairly constant in size a considerable amount (though much less than S cell) of cytoplasmic filaments. The Golgi apparatus is developed in the supranuclear portion. Moderate numbers of the cisterns of rough-surfaced endoplasmic reticulum and of mitochondria are The A-like cell was occasionally found in the jejunal crypts but none could be encountered in the specimens of the ileum examined.
Discussion
It is noteworthy that the basal-granulated or endocrine cells which are distributed densely in the duodenum become fewer and fewer descending to the jejunum and ileum and in the terminal portion of the latter they are very few. This may disappoint an expectation that the terminal ileum, one of the most problem-rich protions of the human digestive tract, may possibly have a special accumulation of certain endocrine elements.
In our previous studies on human pyloric antrum, duodenum and colon we reached the conclusion that every endocrine cell is open to the epithelial surface (KO-BAYASHI, FUJITA and SASAGAWA, 1970; SASAGAWA, KOBAYASHI and FUJITA, 1970; OSAKA et al., 1971) . In the gastric corpus the endocrine cells seemed to be closed to the lumen (KOBAYASHI, FUJITA and SASAGAWA, 1971 ). In the rectum we could not decide Fig. 5 . A probable atypical L cell with distorted granules. m Mitochondria, f cytoplasmic fila-whether or not a part of the cells might be closed in type (OSAKA et al., 1971 ). The present result in the jejunum and ileum confirms that the territory of the open type endocrine cells continues from the pyloric antrum down to the colon. We believe that the open structure of the gut endocrine cell represents its nature as a chemical receptor to the intestinal lumen (FUJITA and KOBAYASHI, 1971; FUJITA and KOBAYASHI, 1973; OSAKA, SASAGAWA and FUJITA, 1973) . PEARSE et al. (1970) found EC, S and L cells in the human jejunum and gave the ratio of their population as 4:1:<<1.
In our study EC, L, A-like and S cells were found in this order of frequency.
In our result it should be noticed that the L cell was found much more frequently than indicated by PEARSE et al., and that the A-like cell was first described in the human gut. As the A-like cell may occasionally be difficult to distinguish from the S cell (vide infra), it may be possible that PEARSE and his associates counted them into their S cell category. As in most other portions of the human gut the EC cell is the predominant endocrine element in the jejunum and ileum. Although serotonin is known to be the aminic product of the cell, the polypeptide hormone probably produced by it has not yet been identified.
The significance of the cells with variant granule size and structure, which is especially conspicuous in the jejunum, is completely unknown. The possibility that they might represent different cell types, i.e., sources of different hormones, may not be excluded. Recently it has been shown that the dumping syndrome which occurs in some patients after gastrectomy is caused by serotonin release into circulation from the EC cells in the gut mucosa which is stimulated by hypertonic foodstuff (REICHLE et al., 1967; TOBE, KIMURA and FUJIWARA, 1967) . KOBAYASHI and FUJITA (1973) recognized numerous granules of EC cells of dog duodenum being released by emiocytosis after administration of hypertonic glucose into the duodenal lumen. It is unknown whether the multiple forms of EC type cell observed in the present study may be related to the postgastrectomic condition of the doners of the tissues. Though the patients had slight nausea and a tendency to diarrhea, they did not show signs of dumping syndrome. Under the electron microscope none of the EC cells encountered showed a figure of emiocytotic granule release. Thus, possible postgastrectomic effect on the cells seems insignificant in the present material; at least the EC cell degranulation connected with the dumping syndrome was excluded for the above reasons.
L cell This cell, described under the tentative designation of Type 2 in our previous papers, has been found in the gastric fundus (KOBAYASHI, FUJITA and SASAGAWA, 1971) , duodenum (KOBAYASHI, FUJITA and SASAGAWA, 1970) and also in the large intestine (OSAKA et al., 1971) .
As the possible hormone of the L cell, VASSALLO, SOLCIA and CAPELLA (1969) proposed cholecystokinin. The above-mentioned occurrence of this cell in the gastric fundus seems to disallow this concept. POLAK and his associates (1971b), on the other hand, proposed enteroglucagon as the product of the L cell which they thought resembles the pancreatic A cell. As we have distinguished an A-like cell which is much more similar to the pancreatic A cell in the human intestine now, this should be first considered as the candidate of the source of enteroglucagon, although there are complicated problems concerning the identity of pancreatic glucagon, enteroglucagon and GLI (vide infra).
A-like, S and M cells
In the present study cells to be called A-like were described for the first time in human gut. We then re-examined our earlier electron micrographs and found that some of the duodenal cells documented as Type 3 cells should now be identified as A-like cells.
Figures 12 and 13 of our paper on the duodenal endocrine cells (KOBAYASHI, FUJITA and SASAGAWA, 1970) are now clear to correspond to A-like cells. A typical type 3 cell which will now be called S cell is seen in Figure 6 of that paper. The S cell has, be revised) without double structure and a large amount of cytoplasmic filaments.
The S cell has been proposed by British and Italian groups as the source of secretin (POLAK et al., 1971a; BUSSOLATI et al., 1971) . POLAK et al. (1971b) described in man that cells bound with anti-secretin antibodies were distributed in the upper small intestine.
Recently we found in man that the pyloric S cells, together with D-like cells, showed, under the electron microscope, emiocytotic granule release after acidification of the mucosal surface (OSAKA, SASAGAWA and FUJITA 1973) . We therefore presume that the S cell and D cell may be the sources of antiacidic agents such as secretin, enterogastrone and cholecystokinin-pancreozymin.
On this occasion we would like to revise another point in the paper by KOBAYASHI, FUJITA and SASAGAWA (1970) . Through re-examining our published and unpublished micrographs of human gut, we recently came to conclude that there is an independcharacterized by a beautiful crown of dense and uniform microvilli (for details see SASAGAWA, KOBAYASHI and FUJITA, 1973) . This type, which is lacking in cytoplasmic filaments, was also included in the Type 3 cell in the paper by KOBAYASHI, FUJITA and SASAGAWA (1970) . Figure 8 of that paper indicates the apical portion of the M cell. In the present study of human jejunum, some electron micrographs of cell portions showed round granules with a structures in the cytoplasm. It is thus possible that human jejunum contains M cells but we could not be sure as no micrographs were obtained showing the entire body of the cell, especially the apical process.
Coming back to the A-like cell, this cell was first described by SWISS researchers (ORCI et al., 1968) under the name of Type II in the rat stomach and intestine and proposed to be the source of enteroglucagon.
More recently the Swiss and Italian groups (FORSSMANN, 1970; VASSALLO, SOLCIA and CAPELLA, 1969; SOLCIA, VASSALLO and CAPELLA, 1970) demonstrated that A-like cells occur in the gastric fundus of the dog and cat.
The distribution of the A-like cells in the gastric fundus of some animals seems to correspond well to the distribution, in the dog and some animals, of enteroglucagon as revealed by SUTHERLAND and his co-workers (SUTHERLAND and DE DUVE, 1948; SUTHERLAND et al., 1949) . In a series of our studies on human gut we found A-like cells only in the duodenum and jejunum. The human stomach seems to contain no A-like cells (KOBAYASHI, FUJITA and SASAGAWA, 1971; VASSALLO, CAPELLA and SOLCIA, 1971; RUBIN, 1972) . This seems to correspond to the result of UNGER, KETTERER and EISENTRAUT (1966) that immunoassayable glucagon was found in man not in the stomach but in the small intestine. Discrepant results on the distribution of glucagonlike activity, however, should also be mentioned here. KENNY and SAY (1962) found a considerably great amount of glucagon-like activity (assay by the glycogenolytic response of liver slice) in the human stomach, though greater amounts were recognized in the jejunum and ileum. MAKMAN and SUTHERLAND (1964) recognized that the amount of glucagon-like activity, as assayed with liver adenyl cyclase, was greater in the stomach than in the small intestine.
It should now be taken into account that glucagon-like immunoreactivity (GLI) is apparently a group of substances including enteroglucagon and is not identical with the glucagon produced by the pancreatic A cells. The studies of UNGER and his co-workers showed that only a minor fraction of GLI corresponds to glucagon and another, major part conspicuously differs from the latter in molecular weight and biological action. The search for an intestinal cell equivalent to the pancreatic A cell and its evaluation must be made with careful consideration. Bussolati, G., C. Capella, E. Solcia, G. Vassallo and P. Vezzadini: Ultrastructural and immunofluorescent investigations on the secretin cell in the dog intestinal mucosa. Histochemie 26: 218-227 (1971 Experimentally induced granule release in the endocrine cells of dog pyloric antrum. Z. Zellforsch. 116: 52-60 (1971).
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